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Smidovich E.V. Technology of Oil and Gas Refining. P. 2. - M. Himiya, 
1980, pages 114 to 124. 

(54) (57) METHOD FOR PRODUCING LOWER OLEFINS, including pre- 
evaporating a petroleum fraction, mixing the same with a superheated diluent 
and subjecting the resulting mixture to thermal cracking, characterized in 
that in order to improve yield of target products and reduce coke formation, 
during said pre-evaporating a petroleum fraction is separated into a gas phase 
and a liquid phase, followed by mixing the gas phase with the superheated 
diluent and delivering the liquid phase to re-evaporation. 

The present invention relates to the production of hydrocarbons, more 
particularly of ethylene and other lower olefins, by thermal cracking 
(pyrolysis), and is applicable in the petrochemical industry. 

It is the object of the invention to improve yield of ethylene, to raise 
the sum of lower olefins, and to reduce coke formation in pyrolysis of wide 
fractions. 

Example 1 (prior art). Pyrolysis of naphtha (p=0.703; M=92.8; 40-105°C 
fraction). 

The feed is heated in a convection zone to 300°C and then mixed with 
steam superheated to 900°C in the 1:0.5 ratio. Due to the mixing, the 
temperature of the gas-steam mixture increases to 630°C. The mixture is then 
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subjected to high temperature heating and pyrolysis at 870°C. The soaking 
time is 0.11 seconds (s). 

Pyrolysis of gas oil (p=0,818; M=179.2; 160-255°C fraction). 

The feed is heated in a convection zone to 300°C and mixed with steam 
superheated to 900°C in the 1:0.7 ratio. Due to the mixing, the gas-steam 
mixture temperature increases to 600°C, the mixture is then subjected to high 
temperature heating and pyrolysis at 830°C. The soaking time is 0.22 s. 

Pyrolysis of vacuum gas oil (p=0,913; M=297.6, 225-520°C fraction). 

The feed is heated in a convection zone to 300°C and mixed with steam 
superheated to 900°C in the 1:1 ratio. Upon the mixing, the temperature of the 
gas-steam mixture increases to 590°C. The mixture is then subjected to high 
temperature heating and pyrolysis at 800°C. The soaking time is 0.35 s. 

Example 2 (according to the present invention). Pyrolysis of naphtha 
(p=0,703; M=92.8; 40-105°C fraction). 

The feed is pre-heated in three stages. 

At the first stage, the feed is heated to 65°C, then the gas-steam mixture 
is separated into a gas phase and a liquid phase. The gas phase (narrow 
fraction with the boiling point range 40-65°C) is mixed with steam 
superheated to 900°C in the feed-to-steam ratio 1:0.4, and the mixture is then 
subjected to high temperature heating at 890°C, during which the mixture 
decomposes, the soaking time being 0.08 s. 

At the second stage, the liquid phase (the remained fraction with the 
boiling point range 65-105°C) is heated to 85°C, then the mixture is separated 
into a gas phase and a liquid phase. The gas phase (narrow fraction with the 
boiling point range 65-85°C) is mixed with steam superheated to 900°C in the 
feed-to-steam ratio 1:0.5 and the mixture is further subjected to high 
temperature heating at 870°C, during which it decomposes, the soaking time 
being 0.11 s. 

At the third pre-heating stage, the remained liquid phase (the fraction 
with the boiling point range 85-105°C) is heated to 105°C to complete 
evaporation thereof, mixed with steam superheated to 900°C in the feed-to- 
steam ratio 1:0.55, and the mixture is further subjected to high temperature 
heating at 860°C to decompose it, the soaking time being 0.15 s. 
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The cracked products are quenched to 550°C and mixed. 

Pyrolysis of gas oil ((p=0,818; M=179.2; 160-255°C fraction). 

The feed is pre-heated in four stages. The temperature of the gas-steam 
mixture after each of the heating stages is 180, 205, 230 and 255°C, 
respectively. After the first three stages the gas phase is separated from the 
liquid phase. The gas phases (narrow fractions) are mixed with steam 
superheated to 900°C and subjected to further high temperature heating. The 
values of the feed-to-steam weight ratio, the high-temperature heating 
(pyrolysis) and the soaking time are as follows: for the first 160-180°C narrow 
fraction: 1:0.6, 855°C, 0.15 s; for the second 180-205°C narrow fraction: 
1:0.65, 845°C, 0.19 s; for the third 205-230°C narrow fraction: 1:0.7, 830°C, 
0.21 s; for the forth 230-255°C narrow fraction: 1:0.8, 815°C, 0.24 s. 
Pyrolysis products from all of the four narrow fractions are quenched to 
500°C and mixed. 

Pyrolysis of vacuum gas oil ((p=0,913; M=297.6; 225-500°C fraction). 

The feed is pre-heated in eight stages. The temperature of the gas-steam 
mixture after each of the heating stages is 260, 300, 335, 370, 410, 450, 490 
and 530°C, respectively. After the first seven stages the gas phase is separated 
from the liquid phase. The gas phases (narrow fractions) are mixed with steam 
superheated to 900°C and subjected to further high temperature heating. The 
values of the feed-to-steam weight ratio, the high-temperature heating 
(pyrolysis) and the soaking time are as follows: for the first 225-260°C narrow 
fraction: 1:0.8, 820°C, 0.23 s; for the second 260-300°C narrow fraction: 
1:0.8, 215°C, 0.25 s; for the third 300-335°C narrow fraction: 1:0.85, 810°C, 
0.29 s; for the forth 335-370°C narrow fraction: 1:0.95, 805°C, 0.31 s; for the 
fifth 370-410°C narrow fraction: 1:1, 800°C, 0.33 s, for the sixth 410-450°C 
narrow fraction: 1:1, 790°C, 0.35 s; for the seventh 450-490°C narrow 
fraction. 1:1.2, 785°C, 0.37 s; and for the eighth 490-520°C narrow fraction. 
1:1.3, 785°C, 0.37 s. Pyrolysis products from all of the eight narrow fractions 
are quenched to 450°C and mixed. 

Table below lists the resulting cracking balance in the prior art and the- 

invented method. 
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As seen from the pyrolysis results of the tested feed types, the method 
in accordance with the invention improves the yield of ethylene, raises the 
sum of lower olefins, and reduces coke formation in gasoline pyrolysis by 
4.30; 3.18 and 0.45% (abs), respectively; in gas oil pyrolysis by 4.28; 4.12 
and 0.70% (abs), respectively; in vacuum gas oil pyrolysis by 3.83; 4.24 and 
1.34% (abs), respectively. 

Table 1 





Product yield, wt.% by method 


Pyrolysis 


Gasoline 




Gas oil 




Vacuum gas oil 


product 


(40-105°C fraction) 


(160-255°C fraction) 


(225-520°C fraction) 




Prior art 


Invention 


Prior art 


Invention 


Prior art 


Invention 


H 2 


1.34 


1.30 


1.16 


1.20 


1.17 


1.18 


CH 4 


13.90 


12.03 


10.04 


10.0 


8.41 


8.02 


C 2 H 6 


3.70 


5.10 


1.80 


1.72 


2.74 


3.11 


C2H4 


29.46 


33.76 


28.20 


32.48 


19.15 


22.98 


C 2 H 2 


0.69 


0.43 


0.49 


0.39 


0.26 


0.22 


C 3 H 8 


0.48 


0.41 


0.38 


0.21 


0.22 


0.17 


C 3 H 6 


18.40 


19.82 


14.60 


15.78 


10.13 


10.90 


C3H4 


0.41 


0.29 


0.41 


0.18 


0.22 


0.22 


C4H8 


3.97 


3.50 


4.97 


4.60 


4.62 


4.69 


C4H6 


5.92 


6.19 


5.22 


5.21 


7.01 


6.90 


co+co 2 


0.33 


0.50 


0.94 


0.56 


0.75 


0.42 


Total of gas to °C 


78.60 


83.30 


68.21 


72.33 


57.67 


58.91 


Sum of lower olefins 














and butadiene 


59.45 


63.27 


52.99 


58.07 


40.91 


45.47 


Pyrolytic gasoline 














(fraction below 200°C) 


19.1 1 


15.47 


19.24 


17.28 


20.48 


21.12 


Heavy oil fuel (fraction 














above 200°C) 


1.74 


1.10 


11.65 


10.19 


23.03 


19.49 


Coke 


0.55 


0.10 


0.90 


0.20 


1.82 


0.48 


Total 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 
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HH3WX 
BapntejTEHoro 




hc nape km* He^rnHpfl $pa*UHH. noc/ie- 
Aywaero CTrtmanH* ee c neperperuk 
pasOaBMTeneN m gajifcReiteero bucoko- 
TeMneparypnoro pajJiomeHH* nonyiietfHoA 
CMecM, o t ii h q a » m ji ft c «* Ten, 
tTo, c aeiiM y»ej»ra emu s£bcQAa qene- 
bux npqayKTOB m CBXseRMJi xoxcooOpa- 
sobjidu v npeABapHteiibHoe HcnapeKHe 
nefrtnnok ^pajuoxu Beayx-c oTaejieHHew 
rasoBoA ♦asu or *»uptAr c nocnenyo- 
B90C CMeseRHeM neperpeToro paaOaBtrre- 
n* c rasoBoA taabA h noaaieA xhakoA 
4»3U Ha noBTopHoe^Hcnapeime. / 

u ;/ • V 



s 



' -IT 

HsoOpereNHe otmocmtc* k Daoy<ieB» 
yr/i«BOAOpQAOB v m nmcrnocru Bra/iea* 

M APyrMX KM 3 MUX onC^MHOB, TapMHMBC- 
KMM KpCKMMrOH (fWP0JIH»O*|^ M HOMt 

6brrb Kcnonbsoaaao b aetrtfta^aaiecKoA 
npOMbasne aaoc tm • 

Uejib asoopeTaaHx - y»emw«mie-»M- 

XOAa 3TH/I6NA M C7>M>1 HMJWX <UI6^R" 

bob m cHHxeme xoa^ooopaaoaaaBa 
npM rtKponase awpoxax iw^wwa jfrpax- 

FI p k m e p 1 (nsmecrtaA). nkpo- 
/TM9 npHMoroHHoro 0«H3HHa ( f m ■ 

- 0,703j M--- 92, 8i *pajcnjia 4O-105°C) 

C*>be aarpaaajoT. b xdHaexntBHofl 
30NC ao 300 # C m sareM cKeaHBSJor c 
□eperpenM ao 900 °C booxrim aapom b 
cooTaoaaTiSa* 1:0,5. 3* cner^CHemetMM 
Yetfneparypa naporaaoaoft dteca aoa- 
pacraeT ao 630 C. 3aren cxecb ^afc-' 
aepraarr BucoxoreMixepaTypBOMy a^rpe- ' 
By n ixHpoimsy'ixpH 870°C. BpeMxScoa- 
TaxTa 0, 11 c'm 
" naponfts raaoftiw (a - 0,818} M - 

- 17.9.2; *pa*UHA 160r255*C) . J, 
^Ct*>b* aarpeaaxrr *j KOKBexTttaoA 

aoae ao 300°C h aareM cnbbkbbJst t 
neperpeTBM ao 900°C bqabhim napoM 
b cooTHOBenw 1:0,7 r 3a cier 
bkji TexnepaTypa naporaaoBqjf < 



BospacTaer ao 600°C, aareij 
noABepravr BbCoxorexne^aTypadMy aa- 
rpesy h mtpoitHdy npn 830 °C. Bpexx ; 
KOHTaKTa 0,22 c. > j . 

Ibcpomfs BaxyyMBoro rjooftna; ( # • 
- 0,913* M - ; 297,6; tpajcnaa 225- " 
520 C C). | t ! . ' 

Cupbe MarpeaajoT b xoBBejciwaaoft 
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noA»apra»T AajibnaAmwMy BMcoKoreMne- 
paTypaowy aarpesy ao 890 # C, bo ape- 
M* Koroporo npOMCXooKT a ro pasnove- 
KHe, apexx xoaraxTa 0,08 c. 

S . KcAJcyv tftay (ocraaamocN $tf*xuM» c 
^npeAenaMi amaaxa 65-105°C) aa bto- 
Pom srant np*AsapwrejibBoro«aarpeBa 
aarpeaaavr^AO 85 # C, sareM cneCb pas- 
Aenavr aa raaosyx* m xxAxyv tasu. Ta- 

10 3osy»^a3y Xysayv ipaxqxxt'c npeAeVia- 
mk BHBiMnamtB 65-85°C) CMeaMaajor c ^ 
neperperb* ao 900° C boabbim napon a 
cootkombxh cbg>be Booaaoft nap 1 ; 
0;5 h '3a^ejt» cwecb noABfepcajoT aa/ib- 

15 aefta«N/^Bbi6oKOTeMnepaTypaoKy Harpe- 
ay ao 870°C, ao apexa xoroporo npo- 
mcxoaht ee pasaoxeHMe, spexa koh- 
Taxra 0,11 

* OcTaaaryitoca axoxyv &asy (^paKUH» 
c npaAeoMc CHneaHA 85-105°C) aa 
rperbCN srane npaAaapareAbiipro aa- 
rpeaa, aarpcaajor ao 105*C t " a pa3ynb- 
rara ^ero oaa nonaocTbo Kcnapaerca, 
„ CNcauaaxyr c naperperbM ao 900 °C bo- 
\ AUBbBj napon a cootbombw cbatba : 
' v BOABBoAr nap 1:0, 55 n aarm c^ecb 
^ noABappajoT Aam>aeteeHy BMcoxoTeM- 
nepaTjr^BOMy uarpaay ao 860°C t a pe- 
3ynbTaT€ icro npoHCxoAKT ee paa/io* 
30 ae«He, b^ckx xoHTaxTa 0,15 c. . 
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OpOAyxTU paanaxeaxa noAsepraxiT 
BoWy oxAaaAaHHx> ao 550 °C h 



9oae ao 



neperpc- 



300 # C h cMeaw&axtT c 
Tt*t~Ao 900°C ; aoKaawt napolc b jcoorao- 
•chhh 1:1. Tevmeparypa naporasoBOfl 
cnecH nocne cmcmemx 590°C. 3area 
CHecb noABCpraxrr BiacpKOTeMriepaTyp* 
MOKy aarpesy a nHpojntty npa y800°C.' 
BpeM* KOHTaicTa 0 t 35 c. 

fl .p h n e p 2 (npeAnaraeMbtfl) . Dm- 
Pojihs npflMoroHHoro Caasaaa ( f ■ 
- 0,703; M - 92, 8i ^paanjui 40-105°C>- 

Cwpbe noABat>raxiT npeABapHTenbao- 
ny narpeBy a Tpa srana. ^ "" " 

Ha nepBOM 3Tane npOH3BOAaT aarpea 
Ao 65°C, nocne iero napooKHAKOCrayn 
cnecb paaAerranr aa raaoByn M XHA" 
xyjo ^aau. TasoByw 6asy (yaxy» ^ax- 
AK» c rrpe^enaMH abotKnaaxa' 40-65°C) 
cMesatBaioT c neperpeTHM ao 900 °C 
BOAaKbM.nap m b coot Home khm cypaa : 
; BOAaKoA nap 1:0,4 MCMecb sarex 



35 ~' Tbiponas raaofina (^p - 0,818, 
M - 179,2V «pajaaca !60-255 # C) . 

npMaapRTeiibauft aarpea cypaa 
ocy*e£Taha*jr »■ 4 sTanT. TeMnepaTypa 
napoaauptocTBOft cnbch nocne aaaAoro 

4d 3Taha aarpaaa oooTBercTaeaao cocTas- 
Aaer 180, v 205, 230 h 255°C. nocAe 
nepabix Tpex 3Tarioa npoHaaooaT paar.e- 
jieKMe rasOBoA h xhakoA ^as. Tasosbie 
^asu (ysxae ^paxixKH> cMeaacaanr c ne- 

^5 perpeThw ao 900 °C boahhi** napon h 

noAaepraJOT AaJibHeAxteny aucoxoTeMnepa 
TypaoMy aarpeay. 3aa^eHHe aacoBoro 
*' cooTHoaeKMR cmp be : BOAaaofl nap bw~ 
coKOTennepaTypHoro Harpeaa (naponH- 

50 aa) h BpexeKH xoKTaxTa cneAyxaaie: 
Ana I ysxoA ^paxoHM , 160-180°C - 
1:0, 6 t 855°C f 0,15 c; aa* ! yaxoft 
4ipaKi04H 180-205°C - 1:0,65, 845°C, 
0,19 c; Ana i yaxoft ^paxoKM 205- 

55 230°C - 1:0,7, 830°C, 0,21c; aj« 
lY .yaxofl (JrpaxuHH. 230-255°C - 1:^,8, 

, * 8T5°C, 0,24 c. npoAyxTu mtpoAHsa 

bccx MeTbpex ysxax ^paxioiA noABepra- 
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tOTT 9*KA/10MH0My OXJia«AeHHK> AO 500° C 

h CNemiam. 

JlHponns B*«yyMMoro rasoAna ( p ■ 
- 0,913, M - 297,6, tpaicuK* 225- 

>oo € c). y 

npeASApHTCJIbHUft HarpeB C MP fell 

ocy*ecTBJuiwT b . boccm* 3 t antra . Te*- 
neparypa napoxHaico^THoA cnecM nocne 
xainoro 3Tana ttarpeBa cooTBeTCTBeH- 
ho cocTaBJineT 26b, 300, 333/ 3Z0, 
410, 450, 490 h'520 c C. FIocjw nepaux 



* 1:0,95, 805 # C, 0,31 c; ann T.ysKoA 
6paKi*ii 370-4 10 # C -1:1, 800*C, 
0,33 c; am\YI ysicoA *pajcia«M/410- 
450*C - 1:1, 790*C, 0,35 e; An* " 
S v* yaicoA ^pajcQHH 450-490°^ • 
785*C, 0,37 c; am Vijjywtoft^ 
490^520*0 - 1:1,3, 785*<V 0, s 

npoityiCTM nMpOOH9A BC«X SOCbMCNySKMX 

tpaxiajft nanBeprajQT aaxajiotiBOMy ox- 

10 najweHHw no 450°C m cm 



PesyjibTKpyvB^cA ftajianc paanaxeioui 



ccmm 9TanoB npoMsaoAfiT paaa&nemie . 

rasoBofl u bjwkoA rasoBMe $as>W' no us seer bow k npeAJiaraexoHy npn- 

MepaM npeAcra«nen b TaAJBtq*. 
t5 Hs npMB«A^KHux b Ti&rami pesynb- 

TaTOB HMpOfDC34 USjmeMKMX BHAOB 

cupbji niARto, ' ito npeanaraeNMA cno- 
cofi nosBonner noBMCKTb bbocqru *th- 
neua m cyMNU hmbbbcx ohc^hmos h cum* 
(rapomsa) h spejMfM yioftfajcTA cm- 20 SMTb Koscpo6pa90MKMe npH mtpoma* 
flyvaftie: aiu - 1 -ysxoji 4*>axnKH 225- 6e*a*«a im 4,30; 3,18 a 0,45 atc.X 

260*C - 1:0,8, 820*C, 0,23 c; am cborBercTsewio; up* worasr rasoft- 

I ysxoatpaknw 260-30<fC - 1:0,8* *. jui fta 4,28f 4,12 « 0$t> aOc.Z c6ot- 
215°C, 0 f f5 c; in« f ysxoft ♦paxuwa ^ ; BercTaeau^; up* nnpom«« WMMjfkapro 
3d0r335 D C :- ^ -1-s$85, 810*C, 0,29 iiV is raaoftui.Ha 3,83* 4,24' h f^J* ««c.X 
Aflx XY ysxoft $paxmo* 335-370 °C - £ '■:'/. \ : ■'■ : coorawcTa«aiio. *i ' 



(yaxue 4rpaxqHn) CMBMBanr c nape- 
rpcruH no 900°C boajiwm napoM m 
aanaeprauT A«nbM«Aa)eMy bmcokot«m- 
ncparypNOMy Marpwy. 3ua<iemtx ■ 

COBOrO COOTMOWHHJI Cta>W t BOARKOft 

nap, BACOKoreMnepaTypiipro "taarpeaa. 



:BBponH3a 



r * . - 


hxoa npoftyrra, b^i^.Z no cnocoCy *'* 


' — \ ~ - *- V 


. 


ieaW (town 40- 


r«Mftni (fcpaxqH* 
tf60-*55 # C) 

s ■ i 


BaxyymuA raaoJli»: 
(toMlBXfl 225-52O 0 C) 




• rftCMOMy 


r noujr ; 


npeona- 
raeMoxy 


HsaecT- 

. HOMy ^ 


r^caaMbNy 



C,M 4 
C,H, 



C,H t 

C 1"» 



CtHCOj 



1^90 
3.70 

29,46 
0,69 
0,48 

18,40 
0,41 

5,92 
0,33 



1,30 
12,03 * 


1,16 
y 10,04 ; 


1,20 
10,6 


v ': 8,41 . 


U18 
8,02 


5.10 


1,80 


1,72 


P.74 


3,11 


33 fi 76 


28,20 


32,48 


19,15 


22,98 


0,43 


0,49 


♦ 0 N ,39 


0,26 


0,22 


0,41 


- 0,38 


0,^1 


0,22 


0,17 


19,82 


14,60 


15,78 


10,13 


10,90 


0,29 


0^41 
4,97 


* 0,18 


0,22" 


0,22 


3,50 


4,60 


4,62 


4,M 


6,19 


5,22 


5,21 


7^01 


4.90 


0,50 


0,94 


0,56 


0,74 


6,52 
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flpOAonxeHHe TaOjmjtfaT 



npoAyrr 
rDcpo/msa 



Buxoa npoAyvra , Mac • X no cnocofiy 



BeuaHH (ftpaxKH* 40-. 
105°C) 



MaBecT- 

BOMy 



npeAna- 
raeMOwy 



TaaoAnb (^paxuHJi 

(l60-255 e C) 



BaKyyHKiiift raAsoAAb 
(ftpajiuHfl 225-520°C) 



M3BCCT- 

Hony 



npejyia- 
raeMony 



Bcero ra- 
sa ao°C t . .78,60 

CyHMa jn»-. 
ohx onetjw- 
BOB H; Oy- * 

TaAHes . : T . • 59,45 



HaaecT- 

^BOMy 



JnpeAna- 
raeMOM> 



83,30 68,21 



72,33 



54,67 

\ 



63,27 52,9* 58,07 40,91 



''' v * (toajoiHaV 
C ' TO 2daS^j 19,11 ^ 15,47 



19,24 



17,28 20,48 



• " ^^h^,£V^ 



I J ,10 1 1 ,65 > v 1Q t 



19 
20 



23; 03 
1,82 



raeKony 
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